Background: Congenital hypothyroidism (CH) considered a common endocrine disorder in Iran. We report the epidemiologic findings of CH screening program in Isfahan, seven years after its development, regarding the prevalence of transient CH (TCH) and its screening properties comparing with permanent CH (PCH). Materials and Methods: In this cross-sectional study, children with primary diagnosis of CH were studied. Considering screening and follow-up lab data and the decision of pediatric endocrinologists, the final diagnosis of TCH was determined. Results: A total of 464,648 neonates were screened. The coverage percent of the CH screening and recall rate was 98.9 and 2.1%, respectively. Out of which, 1,990 neonates were diagnosed with primary CH. TCH was diagnosed in 1,580 neonates. The prevalence of TCH was 1 in 294 live births. 79.4% of patients with primary CH had TCH. Mean of screening (54.7 ± 59.0 in PCH vs 21.8 ± 28.9 in TCH), recall (56.5 ± 58.8 in PCH vs 36.6 ± 45.0 in TCH), and thyroid stimulating hormone (TSH) and mean of TSH before (2.0 ± 2.9 in PCH vs 1.6 ± 1.6 in TCH) and after (37.7 ± 29.5 in PCH vs 4.3 ± 1.9 in TCH) discontinuing treatment at 3 years of age was significantly higher in PCH than TCH (P < 0.0000). Conclusion: The higher rate of CH in Isfahan is mainly due to the transient form of the disease. Further studies for evaluating the role of other environmental, autoimmune and/or genetic factors in the pathophysiology of the disease is warranted.
gene mutations such as dual oxidase 2 (DUOX 2) mutations, prematurity, and factors which affect the pituitary including drugs, prematurity, and maternal untreated hyperthyroidism. [4] [5] [6] Though some of the conditions do not need treatment and their effects are temporary, but others such as TRBAbs, antithyroid drugs, iodine deficiency, or excess need treatment for months up to years. [7] There is a great variability in the reported prevalence rate of TCH worldwide due to different definition of TCH in screening protocols as well as differences in environmental, genetic, and ethnic factors. [8] Since the initiation of CH screening and implementation of nationwide CH screening program in Iran, different results have been reported regarding the prevalence of CH and its transient form. Accordingly, CH is considered as a common endocrine disorder in Iran with higher prevalence rate than other countries. [9] [10] [11] On the other hand, some recent studies reported an increased incidence rate for CH in several countries. The suggested potential causes of the observation
INTRODUCTION
Congenital hypothyroidism (CH), the preventable cause of mental retardation in children, is considered as the most common endocrine and metabolism disorder among pediatric population. [1] CH screening programs worldwide made an appropriate opportunity for early detection and treatment of the disorder and consequently prevention of its related neurodevelopmental complications. [2] Though early treatment of all primarily diagnosed CH patients is crucial for their normal development, but continuity of the treatment after 3 years of age depends on permanency of CH. Deficiency of thyroid hormone could be persistent or temporary which represent as permanent and transient CH (PCH and TCH). Patients with PCH need lifelong hormone replacement therapy, whereas in TCH the duration of treatment is shorter (few months or first years of life). [3] TCH may be due to the factors such as iodine deficiency or excess, maternal thyroid-blocking hormone receptor antibodies (TRBAbs), maternal use of antithyroid drugs, have reported factors such as increased rate of TCH and improved clinical and paraclinical diagnosis of the disorder. [12, 13] It seems that TCH may be one of the probable cause of high rate of CH in Iran, also. There are controversial results regarding the prevalence of TCH in Iran. [14] [15] [16] In a pilot study in Isfahan city before nationwide CH screening program among small sample size of primarily diagnosed CH patients, 40.2% of patient with primary CH had TCH after 3 years follow-up. [15] In addition to its higher prevalence, proper management of patients with TCH is an important challenging issue in CH screening program.
Considering that the epidemiology of the disorder could help us in better understanding of the pathophysiology of CH and improving its screening process, in this study we report the epidemiologic findings of CH screening program in Isfahan, 7 years after its development, regarding the prevalence of TCH and its screening properties comparing with PCH.
MATERIALS AND METHODS
In this cross-sectional study, children with primary diagnosis of CH referred to Isfahan Endocrine and Metabolism Research Center and all health centers in Isfahan province for treatment and follow-up from March 2002 to September 2009, were enrolled.
The Medical Ethics Committee of Isfahan University of Medical Sciences approved the study protocol (research project number: 392116).
All children were recalled. They clinically examined and their medical files were reviewed by a pediatric endocrinologist. The medical file of each patient consists of three parts: Demographic, CH screening, and followup data. Considering screening and follow-up lab data, radiologic findings, and the decision of pediatric endocrinologists; the final diagnosis of PCH and TCH was determined. Then demographic, screening, and follow-up data of patients with PCH and TCH was recorded and compared.
In almost all cases, the diagnosis was provided by the physician (general practitioner or a pediatrician); but in some controversial and conflicting cases the endocrinologist made the decision.
In fact, during reviewing the medical files of the patients; the endocrinologist checked and confirmed the diagnosis of all patients.
In cases with missing data, the data was completed.
CH screening in Isfahan
From May 2002 to April 2005, thyroxine (T4) and thyroid stimulating hormone (TSH) serum concentrations of all 3-7-day-old newborns were measured by radioimmunoassay (RIA) and immunoradiometric assay (IRMA), respectively, using Kavoshyar (Iran-Tehran) kits. Thyroid function tests were performed by Berthold-LB2111 unit gamma counter equipment using serum samples. In this period neonates with TSH >20 were recalled.
After implementation of nationwide CH screening program in Iran in April 2005, screening was performed using filter paper. Neonates with TSH >10 were recalled and those with abnormal T4 and TSH levels on their second measurements (TSH >10 mIU/l and T4< 6.5 µg/dl) were diagnosed as CH patient and received treatment and regular follow-up.
Levothyroxine (LT4) was prescribed for hypothyroid neonates at a dose of 10-15 mg/kg/day as soon as the diagnosis was confirmed. Neonates with CH were followed-up according to the CH screening guideline for appropriate treatment regarding the level of TSH, T4, height, weight, and other supplementary tests. Monitoring of TSH and T4 was done every 1-2 months during the 1 st year of life and every 1-3 months during the 2 nd and 3 rd years. [17] In accordance with screening program, in order to provide a similar treatment and follow-up protocol, two to three workshops annually was held in different cities of the province.
Cases of PCH and TCH were determined at the age of 3 years by measuring TSH and T4 concentrations 4 weeks after withdrawal of LT4 therapy. Patients with normal TSH level (TSH <10) considered as TCH. Patients with elevated TSH levels (TSH >10 mIU/l) and decreased T4 levels (T4< 6.5 mg/dl) were considered as PCH sufferers. [17] 
Statistical analysis
The Statistical Package for Social Sciences (SPSS; Release 20.0, SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Data normality was verified using the Kolgomorov-Smirnov test and the homogeneity of variance was verified using the Levene's test. Depending on the type of distribution assigned to the data and also variances homogeneity between comparing groups, the Kruskal-Wallis test followed by Dunn's test or in a case of a one-way analysis of variance (ANOVA), Tukey's test was used (P < 0.05). The t-test and/ or Mann-Whitney were used to compare means between different two groups. In the meanwhile, the categorical results were analyzed by the chi-square test and/or Fisher's exact test.
However, evidences from different studies showed that treatment is recommended in suspicious cases. Moreover, many studies indicated that even transient thyroid function abnormalities are associated with long-term neuropsychologic adverse effect and patients with TCH may represent thyroid dysfunction later in life, so early treatment and regular follow-up of the patients after 3 years of age is recommended. [19] Moreover, TCH could prevent properly if its etiologic factors detect and managed properly. Considering that most of the factors responsible for TCH are preventable, the goal will be achieved if baseline epidemiological studies provide in each region. So, in this study we design to determine its prevalence in Isfahan after 7 years of CH screening initiation.
There is great variability in the reports regarding the prevalence of TCH worldwide. It seems to be more prevalent in Europe with a reported rate of 1 in 100 live births than the USA with a reported rate of 1 in 50,000 live births. [20] The reported rate of TCH in different cities of Iran is different also. Prevalence of TCH in Babol (north part of Iran) and Fars province (central part of Iran) are reported as 1 in 1,754 and 1 in 3,151 live birth, respectively. [16, 21] Ordookhani and colleagues in Tehran have reported an incidence rate of 1 in 5,845 live birth. [14] In our previous study in Isfahan city during 2002-2005, the prevalence of TCH was 1 in 1,114. [15] Mentioned study was
RESULTS
During the period of this study 464, 648 neonates screened in Isfahan province. The coverage percent of the CH screening was 98.9%. The rate of recall was 2.1%. A total of 1,990 neonates were diagnosed with primary CH. Reevaluation of the recorded data and final diagnosis of PCH and TCH in cases with primary CH took 18 months. PCH and TCH were diagnosed in 410 and 1,580 neonates, respectively. The prevalence of PCH and TCH was 1 in 1,133 and 1 in 294 live births, respectively. 79.4% of patients with primary CH had TCH. Table 1 .
Comparison of demographic and screening characteristics of patients with PCH and TCH is presented in

DISCUSSION
The results of our study determined that the higher prevalence of CH in Isfahan province is mainly due to the higher rate of TCH with a prevalence rate of 1 in 294 live births.
TCH considered an important issue in CH because of the following reasons; the treatment and follow-up of patients with TCH is challenging. [18] There are concerns about the risk of undertreatment on neonates' neurophysiologic development as well as the side effects and risks of unnecessary hormonal replacement therapy including hyperactivity, advancement of bone age, etc. performed before nationwide CH screening in Isfahan city among 256 primarily diagnosed CH patients.
In this study, prevalence of TCH in Isfahan province was significantly high (1 in 294 live births). In our study, 79.4% of primarily diagnosed CH patients were diagnosed as TCH.
In a study in USA, Eugster, et al., have indicated that from 33 children with primary diagnosed CH, 12 (36%) had TCH. [22] The proportion was 50% in the study of Nair, et al., in India and 46.4% in the study of Karamizadeh and colleagues in Shiraz-Iran. [21, 23] Observed variability in reported prevalence rate of TCH may be due to the effect of different causes of TCH in each region as well as differences in ethnic and environmental factors. Though many known factors such as iodine deficiency or excess, autoimmunity and some genetic factors have been identified as the causative factors of TCH, but it seems that different unknown environmental factors such as micronutrients deficiency or other factors related to the water or soil could be the probable cause of TCH.
Though iodine deficiency considered the most common cause of CH in Iran before iodine supplementation, [10, 24] but considering that the problem is resolved in Iran and since 1997 our region considered as iodine replete area; [25] so, it could not be a risk factor. Previously,we have studied the urine and milk iodine concentration in patients with CH and control normal group of neonates. Our results indicated that iodine excess could be a risk factor for higher prevalence of CH or TCH. [26] Further studies with larger sample size including other cities of Isfahan province is recommended.
Ordookhani and colleagues have investigated the etiologies of TCH in Tehran and Damavand. They showed that the most probable cause was iodine excess which should be investigated in future studies and other factors such as parental consanguinity, mode of delivery, goitrogens, iodine exposure, or thyrotropin receptor autoantibodies had no significant role in this regard. [27] The higher rate of TCH in Europe may be due to iodine deficiency. [28] Regarding the role of other etiologic factors of TCH, some studies have been implemented in Isfahan. A study in Isfahan demonstrated that DOUX 2 mutation as a genetic cause for TCH had no significant role in the etiology of TCH in Isfahan. [29] Likewise other studies; the role of TRBAbs in the etiology of CH has been confirmed in a study in Isfahan. [30, 31] According to mentioned study, the prevalence of TRBAbs was higher both in CH patients and their mothers and there was significant association between them. They concluded that autoimmunity has an important role in the etiology of CH. It is recommended for obtaining more accurate result and similar study in larger scale has been designed for patients with TCH. [31] The higher prevalence of TCH in Isfahan may be due to the mentioned unknown environmental factors which needs a further investigation.
Mean of screening and recall TSH and before and after treatment discontinuation at 3 years of age was significantly lower in TCH than PCH. The results were similar to previous studies in this field. [15, 21, 32] Prematurity is considered as a risk factor for TCH. Gaudino, et al., indicated that prematurity was more prevalent among neonates with TCH. [20] In this study, there was no significant difference between TCH and PCH regarding maturity. It seems that other causes of TCH have more important role in our patients with TCH than prematurity.
Regarding sex ratio and TCH, previous studies showed that though the female to male ratio is higher in PCH and the proportion is higher in those with agenesis of thyroid gland, but the ratio is lower in TCH. The ratio is reported to be 2:1 in PCH and 0.5:1 in TCH. [33, 34] However, it seems that sex ratio in CH patients varies in populations with different ethnicity and race. [35] In current study the ratio was 1.01 and 0.7 for PCH and TCH, respectively.
In this study the prevalence of thyroid disorders among parents was significantly higher in patients with PCH than those with TCH. Regarding maternal antithyroid drug use, our data was not satisfactory. The parents could not provide us the details of their medication and most of them did not cooperate in reporting the details of their disease. This considers the limitation of current study.
Reviewing the result of current study, the higher rate of CH in Isfahan is mainly due to the transient form of the disease. It is suggested that factors such as iodine excess or autoimmunity could have role in the etiology of TCH in Isfahan. Further studies for evaluating the role of other environmental, autoimmune, and/or genetic factors in the pathophysiology of the disease is warranted.
